Acoustic vocalizations were recorded from a pod of Orcinus orca under uncontrolled conditions in Dabob Bay, Washington. The aninlals were not contained, controlled or prompted. This recording was made of wild resident Orcas while they were actively vocalizing in the vicinity of a permanent hydrophone array. The aquisition system is a permanently moored array of omni-phones used by the Naval Undersea Warfare Center Division, Keyport for acquiring and analyzing torpedo and ship radiated noise. Ikology of the Dabob Bay area and information about the acquisition system is included. Orca vocalization and specific examples comparing known vocalizations to the recordings are described. The acoustic output was compared to acoustic vocalizations and compared well with the j-pod known to reside in the Puget Sound area.
I. Introduction
The objective of thls paper is to document a winter sighting of Orcinus orca. This occurred in the same area as a government acoustic acquisition equipment combined with winter sighting. Tape recording was made and combined with earlier lobservation. What follows is a description of the recorded sounds and background documentation. This paper follows the premise that (Orcinus orca can be identified through acoustic characterization from work by Dr. John IC. B. Ford who has studied these Orcas in the wild using observation and acoustic monitoring over many years.
IL Dabob Bay Habitat
This fjord like area was carved out of bedrock by glaciers 20,000 years ago leaving behind glacial till and clay amongst volcanic rock. As the glaciers receded sediment was deposited. While the walls of the fjord remain hard rock the bottom of the 600 (1969) with regard to the effect of noise on marine mammals. The MMPA focuses attention on effects of man made noise on marine mammals. Noise related disturbance is considered at least harassment.
lV. Acoustics

A. Environmental Acoustics
The acoustics in this environment are reverberant.
Much of the multipath is contributed by the surface and probably the sides. The mud bottom is absorptive.
The sound velocity profile varies throughout the year. It is a semi enclosed bay with limited water circulation. There is a shallow water stratification due to salinity in the winter resulting in upbending in the top layer and a very gradual down bending below. During the summer a strong warm surface layer provides a distinct surface channel. Each fall the water turns over and pockets of warmer less saline water is trapped under a fast surface layer. Transmission loss for Dabob is calculated as 15 log R + 8.7 plus the absorption factor. Absorption is a fimction of frequency.
B. Acquisition System
The acquisition system was Bottom Moored Array (BMA) and used by the Naval Undersea Warfare Center Division, Keyport. BMA is permanently moored approximately 2000 yards (1.8 km) from shore located at coordinates 47' 43' 42 '' N I 122" 50' 22" W .
Data are relayed via cable to the computer site on the eastern bluff of Dabob Bay. The assembly is positioned vertically with shorecontrolled winch deployment for range operations, maintenance or stowage. The array is stowed with the center hydrophone at 450 feet (137.2m).The upper and lower hydrophones are spaced vertically 60 and 40 feet (18.3 m and 12.2 m) respectively. The purpose of the BMA is to provide shore based measurement of radiated noise of torpedoes, targets ships and submarines.
The three omni directional hydrophones are manufactured by High Tech Incorporated. The hydrophones are calibrated periodically and for normal acquisition a calibration is run along with preoperation ambient noise for later correction and analysis. Analog data are recorded on a one-inch Honeywell 1101 magnetic tape recorder. BMA is provided with autogains which keep data from clipping if the transient ramps up in level.
C. Orca Transmit and Receive Mechanics
Whale eyesight is good but visibility is low and sound underwater travels farther and faster than in air. Sounds are used for communication, echo location and navigation. Echo location sonar is for navigation and detecting obstacles. Air is forced through structure in the nasal passage beneath the blowhole to produce sound The melon or forehead is used to focus the high frequency signal. The density of the melon increases gradually from the core through the outer shell and eventually approximates the density of the surrounding water interface (1.03 g/cm3). Sound transmission in air is highly attenuated because the air medium and the substance of the melon result in a large impedance mismatch. On the other hand it provides a perfect impedance match which ensures that all the acoustic energy will go into the water. Peak spectra of vocalizations correlate with hearing ranges. Audiograms are available for different species show the frequency at which different species are sensitive or able to hear sounds4.
Sound is received through the lower jaw. The signal is then conclucted to the middle ear. They have special (adaptations of the ex3ernal and middle ear to compensate for rapid dive, deep and long term submersion'. These include decoupling of the ear from the skull, specialized soft tissue in the head or middle ear, enlarged inner ear aqueducts and broad Eustachian tubes. The external structure is missing and there is no external ear opening. Sound energy is transported by mechanical transduction to the middle and inner ear parts. They have an air filled middle ear and a similar inner ear parts as a human. The exception is Odontocete inner ears are adapted for ultrasonic perception with narrow basilar membranes and ex3ensive laminae. The middle and inner ear tum these into electrical signalsheural impulses that provide the brain with a view of the world.
The types of frequencies which are expected from Orcas are both low and high frequency. Low frequency is described as a fundamental between 250 and 1500 Hz with harmonics to 10 kHz or more. The high frequency fundamental is from 5 to 12 kHz with harmonics to greater than 100 kHz6
Low 5 m) ). They are stocky, nith a round head, a tall, triangular dorsal fin, and abnormally large flippers, which sometimes grow to 20 percent of body length. They are black above, with a sharply defined white underside. In adults, teeth may be almost 5 inches long (12.7 cm), curving inward and back.
The teeth also interlock when the jaws close. A white spot is above the eye. Usually there is a saddle patch behind the dorsal fin. Distinctive coloring, loud breathing and gregarious behavior make them easy to identify in the wild. &cas are referred to as a is a top level carnivore of the marine ecosystem with a diet that varies regionally or with the pod' They primarily eat fish or other cetaceans, pinnipeds and seabirds. Feeding activities depend on group coordination earning them the title "Wolves of the Sea". They are reported to feed on Cod (Gadius sp.) Matrilineal groups of the resident Orcas include from three to 9 whales of mother and offspring or grandmother and generations of offspring. They are found together all the time and remain next to each other. A subpod is made of several matrilineal groups which travel together and share dialects. A pod is described as up to five subpods (usually ten -20 whales) traveling together. Some subpods split off and have been observed alone. Multiple pods congregating are described as a clan. The members of the clan have similar dialects and may have common ancestors. Pods that have been seen together once are described as a community. Ranges of clans may overlap. Two resident communities exist separately in coastal waters of British Columbia and Washington. The northern community ranges from the mid Vancouver Island to Southeast Alaska and the southern community ranges from southern Vancouver Island to Puget S o~n d . '~
VI. Observations and Recordings A. Observations
On 19 December 1995 a pod of &cas entered Dabob Bay. Observers watched the whales feed and interacting. Not much sound was detected above ambient. Whales were observed throughout the day. The group stayed together most of the day moving from one area to another, feeding, resting but not vocalizing a great deal. They were observed feeding in a cooperative manner and resting. Sometimes several males lined up shoulder to shoulder moving in the same direction at a steady slow pace coming up to breathe synchronously. At other times all the individuals would gather at the mouth of Quilcene Bay and alternately surface not moving far from each other with infrequent vocalizations. At approximately 0500 on 20 December the vocalizing began continuously and a tape was made. No observations of behavior were possible at this time due to darkness. By dawn the vocalization had subsided. The O r w progressed southward out of the bay.
B. Recordings
Ambient and background noise was below 250 Hi and generally did not interfere with the signal to noise ratio of the orca vocalizations. The vocalizations can be described in three groups. High whistles (6) (7) (8) , tonals with frequency modulated sweeps including grunts, zips and snorts and third crackle popping of short duration and relatively low frequency. The higher tones are directional and used for communication while the last form is used for navigati~n"*'~. Ship noise such as propulsion and other machinery noise generated by naval vessels in the area did not sigruficantly increase the background noise level above 1 k-Hz. Ambient and background noise were below 250 Hz and did not interfere with orca vocalizations. Characteristics of whale calls included transients, short broad band zip, narrow band frequency sweeps, snorting or grunting. Calls often had reverberation due to multipath propagation effects. They produced staccato snap pop click trains (200 clickdsec) almost continually for navigation and identification of objects and other whales. Repetition rates are thought to increase as objects get closer. Whistles were up to one and a half to two seconds long. Calls contain frequency shifts and frequency modulated sweeps. These have distinctive qualities and were easily recognized above ambient noise. One whale would emit a call and others would respond w i t h the same call followed by a different call or by some variation on the call. Many individuals were vocalizing at the same time and responding to each other. Calls were overlapping. One did not wait to start the call before the first one was finished. The same call sometimes varied by increasing duration or change in pitch.
Whistling was between 8 and 10 kHz. Some tones would star at 2 XrHZ with harmonics up beyond 10 kHz. Low frequency "~ip'' would start below 100 Hz with multiple harmonics followed by multiple repetitions of higher frequency variable "washa" sound.
V U Conclusjons and Recommendations
The tape was sent to John K. B. Ford at the Vancouver aquarium and the group was instantly identified as the j-pod. A comparison was made to previously recorded j-pod tones as well as vocalizations from other pods most of the signature calls were present and similar enough to the sample of individual sound clips for a positive identification. A cursory check was made of other resident and transient pods but it became obvious that the j-pod matched these vocalizations.
The recordmg provides further evidence of the use of signature calls among Orcas. Information of the pattern and character of their calls and a wintering location for this specific group is an important data point. In addition to being able to characterize the pod we were abIe to record the acoustic interaction between individuals.
There was no attempt to correlate sound production with behavior or signal levels. Actual sound levels from irtdividuals were not determined for several reasons (1) the animals were not tracked tagged either visually (it was dark) or tagged. (2) The hydrophones were not spatially distributed for triangulation on a specific tone.
The use of passive seafloor arrays to track and monitor calls of whales are better than other methods such as radio tracking or visual observation. Seafloor arrays are unobtrusive. Acquisition systems of opportunity can be available 24 hours each day and in any weather. 
